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Claim 

An amino acid infusion solution with the composition shown below containing free 
amino acid and glutamine dipeptide, characterized by the fact that the glutamine dipeptide is at 
least one type selected among the group consisting of L-alanyl-L-glutamine, 
L-glutamyl-L-alanine, glycyl-L-glutamine, and L-glutamylglycine, the amount of the glutamine 
on a free basis is 10-50 w/w% of the total amount of the amino acid, and furthermore, the total 
amount of the branched-chain amino acid and the glutamine on a free basis accounts for 
30-70 w/w%. 
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Key: 1 L- Amino acid and dipeptide 

2 Composition range (mg/dL) 

3 Leucine 
Isoleucine 
Valine 
Lysine 
Threonine 
Tryptophan 
Methionine 
Phenylalanine 
Arginine 
Histidine 
Alanine 
Glycine 
Proline 
Serine 
Cysteine 
Tyrosine 
Aspartic acid 
Glutamic acid 
Glutamine dipeptide 



(Where the total amount of the amino acid means the sum of glutaminc dipeptide and free amino 
acid.) 

Detailed explanation of the invention 
Industrial application filed 

The present invention pertains to an amino acid infusion solution, and the invention 
further pertains to an amino acid infusion solution containing a glutamine dipeptide. 

Prior art and problems 

An intravenous amino acid infusion solution is widely used for the purpose of providing 
supplemental nutrients when oral administration is difficult or impossible despite the need for 
amino acids or proteins when a patient is sick or before or after surgery. In recent years, 
increased demand of glutamine in the enteron under starvation or stress due to surgical intrusion, 
etc., and the need for administration of glutamine have been pointed out in order to maintain the 
function of the enteron and smooth amino acid metabolism. In other words, according to 
Askanazi, et al. and Souba, et al., the demand for glutamine in the enteron increases among 
moderate to highly affected patients and the glutamine concentration in muscles is significantly 
reduced (Annals of Surgery, Vol. 192, p.78, 1980, Archives of Surgery Vol 120, p.66, 1985). 

Under the above-mentioned circumstances, glutamine is supplied as a result of 
decomposition of muscle tissue, which leads to general glutamine deficiency, also, intestinal cilia 
contraction occurs and the function of the intestine is reduced unless glutamine is supplied 
externally. 

Meanwhile, glutamine occupies approximately 60% of the total amino acid of skeletal 
muscles and liver, but is a nonessential amino acid, and is unstable in solution; thus, it is not 
included in conventional amino acid infusion solutions. When a conventional amino acid 
infusion solution used as a high-calorie infusion solution (TPN) that does not include the 
above-mentioned glutamine or derivative thereof is administered to a moderately to highly 
affected patient, the branched-chain amino acid (BCAA, leucine + isoleucine + valine) included 
in the aforementioned infusion solution synthesizes glutamine and responds to the increase in 
glutamine demand, but the effect achieved is insufficient and intestinal contraction is inevitable, 
and furthermore, control of muscle protein catabolism based on the above-mentioned BCAA 
deficiency becomes inadequate. As described above, the conventional amino acid infusion 
solution for TPN poses a problem from the standpoint of nutrient control of the patient. 
Furthermore, an infusion solution with a higher nutrient-higher calorie content is required for 
highly affected patients compared to a healthy individual, but in general, kidney function is 
reduced; thus, when a conventional amino acid infusion solution is administered, fluid increase is 



likely to occur and the kidney function is likely to be further reduced. In order to eliminate the 
above-mentioned problem, development of an amino acid infusion solution with a high 
concentration is desired. 

Furthermore, treatment of catabolism malfunction based on addition of glutamine to an 
amino acid infusion solution is disclosed in Japanese Tokuhyo Patent Application No. Sho 
63[1988]-501214 by Wilmore, et al, but the method is not practical since an unstable glutamine 
is used. It is disclosed that an amino acid infusion solution containing L-alanyl-L-glutamine or 
glycyl-L-alanyl-L-glutamine can meet an increased demand for glutamine at the time of 
progression of muscle protein catabolism in European Patent Application No. 87750 by Furst, et 
al., but the amount of the glutamine derivative added is insignificant, and as a consequence, the 
result achieved is insignificant as well, and furthermore, the total amino acid (TAA) is 
insufficient in the above-mentioned infusion solution to be used as a high nutrient-high calorie 
infusion solution for a highly affected patient. 

Furthermore, it is reported that accumulation of fats and glycogen occurs due to amino 
acid imbalance when a high proportion of glycyl-L-glutamine is added to an existing amino acid 
infusion solution for TPN ("12% Isopol" [transliteration], product of Japan Pharmaceutical 
Factory Co., (Ltd.)), mucous membrane contraction in the intestine can be reduced (Yoshimura, 
et al., Surger>' and Metabolism and Nutrient, 23 (4), 195(1989)). 

The purpose of the present invention is to produce a well-balanced amino acid infusion 
solution with a high concentration that corrects an irregular internal amino acid pattern of the 
patient with a variety of afflictions, maintains and improves intestinal function, prevents 
catabolism of the muscle protein, promotes synthesis of body protein and with an absence of load 
on the hepatorenal system. 

Means to solve the problems 

The present invention aims to eliminate the above-mentioned problems, and the invention 
was accomplished as a result of a study based on glutamine and BCAA in relation to internal 
amino acid behavior under serious afflictions and the inability to take in nutrition. 

In other words, the present invention is an amino acid infusion solution characterized by 
the fact that the glutamine dipeptide is at least one type selected from the group consisting of 
L-alanyl-L-glutamine, L-glutamyl-L-alanine, glycyl-L-glutamine, and L-glutamyl-glycine, the 
amount of the glutamine (Gin ) on a free basis amounts to 10 to 50 w/w% of the TAA amount, 
(TAA amount indicates the total amount of glutamine dipeptide and free amino acid) and 
furthermore, the total amount of the BCAA and the glutamine on a free basis accounts for 
30-70 w/w% of the TAA in an amount amino acid infusion solution with the composition shown 
below containing free amino acid and glutamine dipeptide. 
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Key: 1 L-Amino acid and dipeptide 

2 Composition range (mg/dL) 

3 Leucine 
Isoleucine 
Valine 
Lysine 
Threonine 
Tryptophan 
Methionine 
Phenylalanine 
Arginine 
Histidine 
Alanine 
Glycine 
Proline 
Serine 
Cysteine 
Tyrosine 
Aspartic acid 
Glutamic acid 
Glutamine dipeptide 
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In the amino acid infusion solution of the present invention, a part or all of the cysteine 
may be replaced with cystine and/or methionine, and a part or all of the tyrosine may be replaced 
with alanine. 

The amino acid infusion solution of the present invention can be used effectively as a 
TPN infusion solution for average to seriously afflicted patients under a variety of conditions 
such as surgery, sepsis, organic diseases, cancers and fevers, and needless to say, improvement 
of nitrogen intake and outake, control of catabolism of the muscle protein, promotion of body 
protein, etc., can be expected, and an excellent effect can be achieved for maintenance of 
muscles, various organs, in particular, intestinal functions, and furthermore, side effects such as 
fatty liver and high ammoniacal blood are absent. 

For glutamine dipeptide in the present invention, at least one type selected from the group 
consisting of L-alanyl-L-glutamine, L-glutamyl-L-alanine, glycyl-L-glutamine and 
L-glutamylglycine can be used. The solubility is high in the above-mentioned dipeptides, 
decomposition does not occur at the time of heat sterilization, and the utilization factor in the 
body is high as well. Among those listed above, the dipeptide of L-alanine exhibits a high 
metabolic rate and is well utilized, and furthermore, the pool of the L-alanine is high and exhibits 
an important function as a nitrogen carrier; thus, it is further desirable. Upon administration of 
the aforementioned glutamine dipeptide, the glutamine concentration in the body is increased, 
meets the demand of glutamine of muscles and organs, in particular, the intestine, and exhibits 
excellent effect on maintenance of the intestine function. 

In the amino acid infusion solution of the present invention, the amount of the glutamine 
on a free basis amounts to 10-50 w/w%, preferably, 20-40 w/w%. 

When the above-mentioned amount is below 10 w/w%, it is not possible to meet the increased 
glutamine demand, and an adequate target effect of the present invention cannot be achieved; on 
the other hand, when the amount exceeds 50 w/w%, [highly ammoniacal blood] is likely to 
appear and nitrogen intake and outake becomes inadequate. 

The formulation of the other amino acid components with the exception of the /4 
above-mentioned glutamine dipeptide is the amino acid formulation designed for patients with 
serious afflictions, namely, an increased BCAA ratio and slightly reduced aromatic amino acid 
content, and the composition ratio with the above-mentioned glutamine dipeptide is as shown in 
the table above. It is desirable when the amino acid infusion solution of the present invention has 
the amino acid composition shown below. 
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Key: 1 L-Amino acid and dipeptide 

2 Desirable composition range (mg/dL) 

3 Leucine 
Isoleucine 
Valine 
Lysine 
Threonine 
Tryptophan 
Methionine 
Phenylalanine 
Arginine 
Histidine 
Alanine 
Glycine 
Proline 
Serine 
Cysteine 
Tyrosine 
Aspartic acid 
Glutamic acid 
Glutamine dipeptide 
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Furthermore, the feature of the amino acid infusion solution of the present invention is 
the BCAA concentration that controls the muscle protein catabolism of patients with heavy 
afflictions and promotes synthesis of body protein is set high as described above, and at the 
same time, a high mixing ratio of 10-50 w/w%, preferably, 20-40 w/w% of Gin for the amount of 
TAA is used, and based on this, the sum of BCAA and Gin is set in the range of 30-70 \v/w%, 
preferably, 40-60 w/w%, of the amount of TAA. 

Furthermore, upon application of an amino acid infusion solution for an afflicted patient 
that requires a high nutrient-high calorie protein, it is necessary to reduce the dosage of the 
solution content in the aforementioned infusion solution as much as possible and to reduce the 
load on the kidneys; thus, it is desirable when the TAA concentration of the infusion solution of 
the present invention is adjusted to the range of approximately 8-30 g/dL, preferably, 
10-25 g/dL. 

Production of the amino acid infusion solution of the present invention can be achieved 
according to the manufacturing methods of conventional amino acid infusion solutions. It is 
desirable when a crystalline amino acid is used as the raw material amino acid, and in general, it 
is used in the form of a free amino acid, but it is not essential to use free amino acid, and 
standard water-soluble salts, namely, those in the form of pharmaceutically acceptable salts, for 
example, metal salts such as sodium salts or potassium salts, mineral salts such as hydrochlorides 
and sulfates, organic acid salts such as acetates, lactates and malates can be mentioned. 

The amino acid infusion solution of the present invention can be produced upon mixing 
the specific amino acid and glutamine dipeptide with distilled water for injection as usual to 
dissolve it, and a variety of additives, for example, stabilizers such as sodium hydrogen sulfite, 
pH modifiers such as hydrochloric acid, acetic acid, lactic acid, malic acid, citric acid and 
sodium hydroxide may be added, as needed. 

The infusion solution of the present invention is produced by filtration of the solution 
produced above through a 0.45 |xn membrane filter, injecting the filtrate into a vial, the space is 
purged with nitrogen gas and sealed, then, a heat-treatment is provided at approximately 
1 00-12 1°C for approximately 20-60 minutes and sterilization is performed to produce the final 
product. 

The amino acid infusion solution of the present invention produced as described above 
can be administrated by itself into the vein of a medium to heavily afflicted patient suffering 
from surgery, sepsis, organic diseases, cancer, fever, etc., and it is further desirable when 
administered as TPN in combination with dextroglucose, fats, electrolytes, vitamins, etc. The 
dosage is appropriately determined according to the condition of the patient and the treatment IS 
effect, etc. In general, a range of approximately 100-1500 mL per person per day is suitable. 
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Effect of the invention 

The amino acid infusion solution of the present invention remains stable in solution, and 
includes a high proportion of glutamine dipeptide and BCAA easily utilized in the afflicted body, 
and furthermore, the function of the intestine which is likely to be reduced as a result of the 
affliction can be maintained and improved based on an increased TAA concentration, and 
furthermore, it prevents muscle protein catabolism and synthesis of body protein, and high 
nutrient-high calorie infusion solution is made possible in a small amount, and furthermore, an 
excessive load is not applied to the kidneys. 

Application examples 

In order to explain the present invention in further detail, application examples and 
pharmaceutical test examples are shown below. 
Application example 1 

Amino acids with the formulation shown in Table 1 and L-alanyl-L-glutamine were 
dissolved in distilled water used for injection, 30 mg/dL sodium hydrogen sulfite were added as a 
stabilizer, and an adjustment was made with acetic acid to form a pH of 7.0. Subsequently, 
filtration was performed through a 0.45- |m membrane filter, the filtrate was injected into a vial, 
nitrogen gas purging was performed, and the vial sealed; then, high-pressure steam sterilization 
was performed at 105°C for 40 min. 
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Table 1 
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Key: 1 L-Amino acid and dipeptide 

2 Mixing ratio (mg/dL) 

3 Leucine 
Isoleucine 
Valine 

Lysine acetate 

(As lysine 

Threonine 

Tryptophan 

Methionine 

Phenylalanine 

Arginine 

Histidine 

Glycine 

L-Alanyl-L-glutamine 
(As glutamine 
(As alanine 
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Application Example 2 

As in the case of Application example 1, production of the amino acid infusion solution 
shown in Table 2 below was performed. 



Table 2 
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L-amino acid and dipeptide 

Mixing ratio (mg/dl) 

Leucine 

Isoleucine 

Valine 

Lysine acetate 

(As lysine 

Threonine 

Tryptophan 

Methionine 

Phenylalanine 



Key: 1 
2 
3 
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Arginine 
Histidine 
Tyrosine 
Cysteine 
Proline 

L-Alanyl-L-glutamine 
Glycyl-L-glutamine 
(As Glutamine 
(As Alanine 
(As Glycine 



Application Example 3 

As in the case of Application example 1, production of amino acid infusion solution 
shown in Table III below was performed. /6 



Table 3 
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Key: 1 L-Amino acid and dipeptide 
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2 Mixing ratio (mg/dL) 

3 Leucine 
Isoleucine 
Valine 

Lysine acetate 

(As lysine 

Threonine 

Tryptophan 

Methionine 

Phenylalanine 

Arginine 

Histidine 

Proline 

Serine 

Cysteine 

Tyrosine 

Aspartic acid 

L-Alanyl-L-glutamine 

(As glutamine 

(As alanine 



Application Example 4 

As in the case of Application Example 1, production of amino acid infusion solution 
shown in Table 4 below was performed. 



Table 4 
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Key: 1 L-Amino acid and dipeptide 

2 Mixing ratio (mg/dL) 

3 Leucine 
Isoleucine 
Valine 

Lysine acetate 

(As lysine 

Threonine 

Tryptophan 

Methionine 

Phenylalanine 

Arginine 

Histidine 

Glycine 

L-Alanyl-L-glutamine 
(As glutamine 
(As alanine 
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Application Example 5 

As in the case of Application example 1, production of amino acid infusion solution 
shown in Table 5 below was performed. 



Table 5 
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Key: 1 L-Amino acid and dipeptide 

2 Mixing ratio (mg/dL) 

3 Leucine 
Isoleucine 
Valine 

Lysine acetate 

(As lysine 

Threonine 

Tryptophan 

Methionine 

Phenylalanine 

Arginine 
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Histidine 

Glycine 

Proline 

Serine 

Cysteine 

Tyrosine 

Aspartic acid 11 
L-Glutamyl-L-alanine 
(As glutamine 
(As alanine 



Application Example 6 

As in the case of Application example 1, production of amino acid infusion solution 
shown in Table 6below was performed. 



Table 6 
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Key* 1 L- Amino acid and dipeptide 

2 Mixing ratio (mg/dL) 

3 Leucine 
Isoleucine 
Valine 

Lysine acetate 

( As lysine 

Threonine 

Tryptophan 

Methionine 

Phenylalanine 

Arginine 

Histidine 

Proline 

Serine 

Cysteine 

Tyrosine 

Aspartic acid 

L-Glutamyl-L-alanine 

L-Glutamylglycine 

( As glutamine 

(As alanine 

(As glycine 



Appli cation Example 7 

As in the case of Application example 1, production of amino acid infusion solution 
shown in Table 7 below was performed. 



Table 7 
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Key: 1 L-Amino acid and dipeptide 

2 Mixing ratio (mg/dL) 

3 Leucine 
Isoleucine 
Valine 

Lysine acetate 

(As lysine 

Threonine 

Tryptophan 

Methionine 

Phenylalanine 

Arginine 

Histidine 



Proline 
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Serine 

Cysteine 

Tyrosine 

Aspartic acid 

L-Alanyl-L-glutamine 

Glycyl-L-glutamine 

( As glutamine 

( As alanine 

( As glycine 

Pharmaceutical test example 

Only 5 g of a 5% casein diet per 1 day alone was fed to 250-g Wister type male rats for 7 
days and a low-nutrient test was carried out. Subsequently, cut of approximately 4 cm was 
formed along the centerline of the abdomen with a sharp knife under Nembutal anesthesia, and 
the intestine was removed and exposed in air for 30 min to simulate surgery. During the course 
of the above-mentioned 30 min, a silicone rubber catheter was inserted to the vein at 
cavopulmonary anastomosis so continuous infusion of the solution can be achieved under a 
restraint-free condition. The intestine was returned to the abdominal cavity, the abdominal walls 
were stitched and TPN administration of the amino acid infusion solution of the present 
invention produced in Application example 3 was immediately done for 7 days at a rate of 
2.0 gN/kg/day (present invention). 

Meanwhile, for comparison, the equivalent N ratio (2.0 g/kg/day) of N "Amipalene" 
[transliteration] (product of Otsuka Pharmaceutical Factory Co., (Ltd.)) was administered for 
other groups (comparison group). 

In this case, an equivalent dosage of glucose and fat were administered for both groups 
and the total calories were adjusted to approximately 286 kcal/kg/day. Furthermore, the required 
amount of electrolytes and vitamins was administered as well. 

Measurement was performed for the weight and the weight of the solution in the intestine 
of each group of rats (each group of 12 rats) 7 days after starting of the above-mentioned TPN. 
The amount of urine was measured daily, and the total nitrogen discharge ratio was measured by 
a trace nitrogen analyzer (Model TN-7, product of Yanagimoto Factory, Inc) and calculation of 
the nitrogen (amount of nitrogen administered - amount of nitrogen included in urine) was 
performed. Furthermore, measurement was performed for the weight of the mucous membrane 
of the intestine, amount of protein, DNA and sucrase activity. 

The measurement method was based on the references listed below. 
Protein: Lowry et al., J. Biol. Chem., 193, 265(1951) 
DNA: Schneider, J. Biol. Chem., 164, 747(1946) 
Sucrose activity: Dahlqvist, Anal. Biochem., 22, 99(1968) 
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The measurement results are shown in Table 8 below. 



Table 8 
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Key: 1 Measured item 

2 Comparison group 

3 Present invention group 

4 Significance test 

5 Weight increase (%) 
Nitrogen (mg/day) 

Weight of jejunal moisture (mg/cm) 
Weight of jejunal mucous (mg/cm) 
Weight of jejunal protein (mg/cm) 
Jejunal mucous DNA (j^g/cm) 
Jejunal mucous sucrase (nmol/cm/min) 



As shown in Table 8, excellent weight gain ratio and nitrogen are observed in comparison 
to those of the comparison group, and superior nutrient effect was clearly achieved. 

Furthermore, a higher weight of jenunal moisture, weight of jenunal mucous, protein, and 
DNA was achieved in comparison to those of the comparison group, which indicates that 
contraction of the intestine is controlled upon administration of the L-alanyl-L-glutamine in the 
amino acid infusion solution of the present invention. 

Furthermore, the higher sucrase activity in the group of the present invention indicates 
that the function of the intestine is improved as a result of administration of 
L-alanyl-L-glutamine in the infusion solution of the present invention. 
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